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INTRODUCTION

The Navy has a need for new energetic materials which have higher
performance than those currently available for use as ingredients in new
explosive and propellent formulations which could, for example, increase
the kill radius of a missile warhead and increase the speed and/or range
of a missile. We have been involved for several years in a program that
has as a long range goal the synthesis of such materials. We have chosen
to concentrate our efforts in the area of polycyclic polynitramines
since this class of compounds seems to hold the greatest promise of
yielding compounds with the desired properties.

This report describes the synthesis and preliminary characterization
of a new energetic material which has the chemical name 1,4,5,8-tetra-
nitro-1,4,5,8-tetraazadifurazano[3,4-c][3,4-h]ldecalin and to which we
have assigned the name CL-15. .- Although this compound proved to be too
thermallv unstable for weapons use, it is calculated to be the most
powerful explosive compound synthesized to date.

{‘02 1“‘02
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In January 1981, we received a letter from Everett Gilbert of the
Army Research and Development Command, Picatinny Arsenal, Dover, New
Jersey, which contained a copy of an abstract of a paper entitled "Studies
in the Synthesis of Furazano-Aza-Condensed Ring Compounds." The paper
was authored by several People's Republic of China chemists and had
been submitted to Dr. Lyle I. Albright of Purdue University for considera-
tion for presentation at the 181st National Meeting of the American
Chemical Society in March 1981. The paper was ultimately rejected

3




|
E
;
@3
i‘

ERLECL IO SOy - i A R L e i LRI I i Sl o

NWC TP 6397

because none of the authors were members of the American Chemical Society.
A copy of the abstract is included as Appendix A.

In this paper, the Chinese chemists claimed to have synthesized
several furazano-fuzed cyclic nitramino compounds by the general route
outlined in Scheme 1. The structures of several of the compounds are
shown below the scheme. The compounds described should be quite ener-
getic. The density and detonation properties of these materials were

SCHEME 1. General Route for the Synthesis of Furazano-Fused
Nitramino compounds.
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Calculated Properties of Compounds %, 2, and Q

2 3 R
Density (g/cc) 2.00 1.88 1.96
Detonation Velocity (mm/us) 9.12 9.06 9.50
Detonation Pressure (kbar) 395.00 390.00 430.00

calculated using the methods of Holden! and Rothstein.? The calculated
densities and detonation properties are summarized below the structures.
Indeed, the compounds were predicted to be very dense and powerful. Im
fact, one of them, 4, calculates to be more dense and energetic than
both l,3,5,7—tetran¥tro—l,3,5,7-tetraazacyclooctane (HMX, &),33 currently

the most powerful explosive in use, and hexagitrobenzene (HNB, 6) the
most powerful explosive known at that time.3
NO2 NO2 NO, Ili()z
! 0,N NO,
0,N-N N-NO,
07 '
y noy 2 !
2
*02 NO2 NO,
HMX, 2 HNB, 6 TNAD, ]

INaval Surface Weapons Center. Estimation of Normal Densities of
Explogive Compounds from Empirical Atomic Volumes, by D. A. Cichra, J. R.
Holden and C. Dickinson. Silver Spring, Md., NSWC, 1980. 39 pp. (NSWC
Report TR~79-273, publication UNCLASSIFIED.)

2a;,, R. Rothstein and R. Petersen, "Predicting High Explosive
Detonation Velocities from their Composition and Structure," Prop. and
Explo., Vol. 4 (1979), pp. 56-60.

2b,, R. Rothstein, "Predicting High Explosive Detonation Velocities
from their Composition and Structure (I1I)," Prop. and Explo., Vol. 6
(1981), pp. 91-93.

8Lawrence Livermore National Laboratory, University of California.
LLNL Explosive Handbook. Propertiee of Chemical Explosives and Explogive
S Simulants, by B. M., Dobratz. Livermore, Calif., LLNL, March 1981.

(Report No. VJCRL-52997, publication UNCLASSIFIED.)
3bLawrence Livermore National Laboratory, University of California.
. Enerzy ard Technology Review, Livermore, Calif., LLNL, November 1978.
(Report No. UCRL-52000-78-11, publication UNCLASSIFIED.)
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Measured Properties of Compounds 2, g, and L

R 2 A

Density (g/cc) 1.9032 2.013b 1.804
Detonation Velocity (mm/us) 9.15 9.33 8.65
Detonation Pressure (kbar) 393.00 406.00 365.00

When this abstract of the work of the Chinese arrived we had just
finished our work on the synthesis of trans-1,4,5,8-tetranitro-1,4,5,8-
tetraazadecalin (TNAD, ). The relationship between the two pieces of
work was obvious. We easily formulated two related structures & and é
which calculate to be even more dense and more powerful.

ror .
o/ \o o/ \
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Calculated Propeties of Compounds k and Q

& R

Density (g/cc) 2.00 2.00
Detonation Velocity (mm/us) 9.57 9.70
Detonation Pressure (kbar) 437.00 450.00

We decided to explore the synthesis of compounds -4 and § with the
objective being to see if we could repeat and confirm the work of the
Chinese and/or extend it to the new compounds which we had formulated.
Schemes 2 and 3 show possible synthetic routes for the synthesis of
Compounds 1 and g.

“Naval Weapons Center. Synthesis of a New Explosive Compound,
Trans-1,4, 5, 8-tetranitro-1, 4, 5, 8- tetraazadecalin, by Rodney L. Willer.
China Lake, Calif., NWC, August 1981. 16 pp. (NWC TP 6303, publication
UNCLASSIFIED.)

A v',,~br‘:;;:.:o:._.f_‘.f-v'-.-; R

...............

B et Sl et M, St A S gl DO D ot Yl Wt i Mt Sttt S Sdsd Sal AT TR




NWC TP 6397

SCHEME 2. Proposed Synthesis of Compound k.
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SCHEME 3. Proposed Synthesis of Compound g.
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RESULTS

3, 4~DIAMINOFURAZAN (2)

Since the Chinese workers did not mention how they had synthesized
3,4~diaminofurazan, we did a literature survey on the synthesis of this
compound. There are three literature references to the synthesis of
3,4~diaminofurazan.7 The first reported synthesis was by M. Coburn
of the Los Alamos Scientific Laboratory, Los Alamos, New Mexico. This
synthetic route is outlined in Scheme 4. This route involved the dehydra-
tion of the known diaminoglyoximine, 4,8 with an aqueous base. The
second synthesis of 2 was by Carmack and coworkers® and was only a

SCHEME 4. Synthesis of 3,4-Diaminofurazan, 2.

Hzn\f;««ou oOF" Hzn\fu\o
4

C .
7
HoN” SN0 iy

N=C-C=N + 2NH,OH

A 2

slight modification of Coburn's method. The third synthesis was by two
Russian workers’ and involves a somewhat different route which is sum-

marized in Scheme 5. A copy of the Russian paper and a translation of

the experimental part is included in Appendix B.

Mainly because we had a great deal of difficulty obtaining a copy
of the Russian paper, we chose Carmack's method for making 3,4-diamino-
furazan. Our yield for the recrystallized product was consistently
50-55% of material with a m.p. of 179-180°C. However, the Russian
procedure may be better.

5M. Coburn, "Picryl-substituted Heterocycles. II. Furazans (1, 2),"
J. Heteroeyelic chem., Vol. 5 (1968), pp. 83-87.

6A. P. Komin, R. W. Street, and M. Carmack, "The Chemistry of
1,2,5-Thiadiazoles. 1I1I. [1,2,5]Thiadiazolo{3,4~c][1,2,5]thiadiazole,
J. Org. Chem., Vol. 40 (1975), pp. 2749-2752.

1. V. Visalok and A. V. Ostrovskoya, "Preparation of Diamino-
furazan," Khimiya i Tekhnol Elementoorgan Svedin, Vol. 78 (1978),
pp. 48~49.

8E. Fischer, "Ueber einige Reactionen des Phenylhydrazines and
Hydroxylamins, Ber., Vol. 22 (1889), pp. 1930-1936.

8
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SCHEME 5. Russian Synthesis of 3,4-Diaminofurazan.

S s
oo
(1) HyN-C-C-NH, + 2NH,0H-HC1 + 2NaCO,CH3 —~

HOH HOH
HyN-C— C-NH, + H5S+ + NaCl + 2CH3COOH

§OH NOH \
(2) HZN’C——C-NHZ + Naoy HOCHpCHpOH | :C

HOvbvh ‘ N\\\\
N

R

REACTION OF 3,4-DIAMINOFURAZAN WITH GLYOXAL (PREPARATION OF %Q)

The reaction of 3,4-diaminofurazan, 2, with glyoxal was initially
examined by adding the appropriate amount of to a well-stirred solution
of 40% glyoxal. The 3,4-diaminofurazan would quickly dissolve to give
a clear solution, then the product would precipitate. Using this method,
the results were variable. The product seemed to vary from the desired
&9, to a mixture of 3,4-diaminofurazan and the dihydroxy compound

owever, when one equivalent of hydrochloric acid was added the pro uct f
was consistently the desired 10. Compound %& was completely
characterized by spectroscopic techniques and gave a good elemental
analysis (see Experimental Section).

R
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NITRATION OF 1,4,5, 3-TETRAAZADIFURAZANO([3,4~c][3, 4~h]DECALIN
(PREPARATION OF 1, CL-15)

The Chinese workers indicated that tkey had used a mixture of nitric
acid/acetic anhydride for the direct nitration of their 3,4-diaminofurazan
adducts. Our attempts to use this procedure for the nitration of compound
1Q proved fruitless. We then turned to a procedure developed at SRI

nternational, Menlo Park, California, for the nitration of glycouril to
tetranitroglycouril® (Scheme 6) which involved the use of a mixture of
trifluorocacetic anhydride/nitric acid as a source of Ny0g. When this
procedure was applied to an essentially quantitative yield of k
(CL-15) was obtained as an off-white amorphous powder.

5 SCHEME 6. Nitration of Glycouril.

| Sy
(I e ()

lLoz t!xoz

The !H NMR and IR spectra of k is entirely consistent with the
structure (see Appendices C and D).

I‘IIOZ l?Oz

i )
/ \ HNO3/TFAA Y v
Ly ==X
]

P
3

PR L iri g il

. NO, Tloz

:.: R }; s CL-15

o

H

4 Numerous attempts were made to develop a good recrystallization

éa procedure for compound 1. 1In most cases, the compound crystallized as a

»

solvate (1:1 complex). This was particularly true in the cases of

(DAL e S 3 KAt

—— e

M kgﬁlet and S. Jacobs, "
M. . Chemistry of Detonation. 1," /. of Chem.
Physics, Vol. 48 (1968), pp. 53—35. ’ !
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acetonitrile and 1,2-dichloroethane. It was, however, possible to
recrystallize the material by dissolving it in 100% nitric acid and
adding trifluorcacetic acid followed by cooling. The procedure gave
small crystals of CL-15.

It was noted very early that the compound seemed to be rather
thermally unstable. Samples of the material left at room temperature
soon emit a red gas. Upon prolonged standing, the material turns
gummy. It is thought that this decomposition might be due to the
presence of trace amounts of acid; however, even recrystallized material
shows this behavior.

PROPERTIES OF CL-15

The low thermal stability of CL-15 made the determination of its
physical and chemical properties very difficult, and in some cases,
impossible.

. We determined the density of the compound to be greater than
1.987 g/cc because crystals of the material sink in 1,3-dibromopropane
(d = 1.987 g/cc).

The heat of formation c¢f CL-15 was measured to be +185 kcal/mole by
the standard technique of back calculation from the heat of combustion.
Since some time elapsed between weighing the samples and the combustion,
this should be considered a minimum value. From the heat of formation
and the density we have calculated detonation and velocity pressure ro
be 9.41 mm/us and 413 kbar using the method of Kamlet and Jacobs.? 1In
Table 1, these values are compared to those of HNB and HMX. It can be
seen that CL-15 is calculated to be more powerful than both HNB and HMX.
Since the heat of formation ¢f CL-15 could easily be off 5-10% due to
decomposition during weighing and handling, the actual performance of
CL-15 could be even better.

TABLE 1. Predicted and Measured Properties of CL-15, HMX, and HNB.

CL-15 H HNB

Predicted Measured Predicted Measured Predicted Measured

Density, g/cm3 2.00 1'98a 1.85 1.90 1.97 2. Ol.b
Detonation pressure, kbar 437 413‘:l 388 393 393 606b
Detonation velocity, mm/us 9.57 9.41 9.05 9.15 9.10 9.33

%calculated by the Kanlet-Short method based on a measured heat of formation of
+187 u.l,ul.o
Measured at a loading density of 1.97 g/cad.

"he impact sensitivity of CL-15 was measured to be 20 cm on a Model
12 i{mpact machine (2.5 kg drop weight).

11
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EXPERIMENTAL

NMR spectra were determined on a Varian FM 360 (routine !H) and
Varian XL-100-15 (!H and !3C) spectrometers and are reported on the §
scale. 1R spectra were determined on a Perkin Elmer 137 spectrometer.

DIAMINOGLYOXIME (14) 8

The procedure of E. Fisher was used to prepare this compound.® The
product was recrystallized from H»O to give crystals with a m.p. of 200-
201°C (1it 200°C).

IR (See Appendix C, Figure C-1).

NMR (See Appendix D, Figure D-1).

3,4-DIAMINOFURAZAN (2)

The procedure of Carmack and coworkers® was used to prepare this
compound. After recrystallization from water it melted at 179-180°C

(11t3 180°C).
IR (See Appendix C, Figure C-2).

NMR (See Appendix D, Figure D-2).

1,4,5,8-TETRAAZADIFURAZANO(3,4~c][3,4-h]DECALIN (ég)

A 10-gram portion (0.1 mole) of 3,4-diaminofurazan was added to a
solution of 10 g of 37% hydrochloric acid in 20 ml of distilled water.
This slurry was stirred at 60°C while 7.25 g of 40% aqueous glyoxal was
added. The mixture was stirred for one additional hour then cooled.
The product was collected and washed well with water. After drying, it
weighed 10.86 g (0.049 moles, 982). The material can be recrystallized
from 50:50 DMF/H,0 to give plates with a m.p. of 230-231°C.

Analysis calculated for CgHgNgOz: C, 32.43; H, 2.72; N, 50.44.
Found: C, 32.26; H, 2.74; N, 50.19.

IR (See Appendix C, Figure C-3).

NMR (See Appendix D, Figure D-3).
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1,4,5,8-TETRANITRO-1,4,5,8-TETRAAZADIFURAZANO[ 3, 4-c] [3, 4~h]DECALIN

Fourteen ml of trifluoroacetic anhydride and a magnetic stirring
bar were placed in a 100-ml round-bottom flask. The solution was cooled
to -5°C (salt-ice bath) and 6.0 ml of 100% nitric acid was added dropwise,
with stirring, over a period of 20 minutes. This mixture was allowed to
briefly warm to room temperature then it was recooled and 2.22 g of
was added in small portions over a period of 10 minutes. The mixture
was allowed to slowly come to room temperature over 4 hours. The product
was collected by vacuum filtration under a blanket of nitrogen and washed
well with methylene chloride. The last traces of solvent were removed
under vacuum.

IR (See Appendix C, Figure C-4).
NMR (See Appendix D, Figure D-4).
The compound can be recrystallized by dissolving it in 1007 nitric

acid then adding an equal volume of trifluoroacetic acid followed by
cooling.
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Appendix A

ABSTRACT OF CHINESE WORK
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Studies in the Synthesis of Furasano-
Asa-Condensed Ring Compounds

(The Pirst Report)

BuaRary
3,4-d:launo:turam (1) provides a good intermediate !or

the preparation of furszano-aza-condensed ring compounds.

" fhe reaction of (1) with dihydroxyethylenediamine dihydro-
chloride (II) in an acid medium and then by dehydration, cyc-
lization and condensation gives 2,3-diamino-5,6-furesano £b)
piperazine dihydrochloride (IIJ1). It can be converted, in ni-
tric acid, into 2,3-diemino-5,6-furaszano (bl piperazine di-
nitrate (IV). On formylation of (I1I1) gives 2,3-di(N-formyl-
amino)-5,6-furazano fo) piperezine (v), and it is then nitra-
ted to obtain 1,4-dinitro-2,3-di{N-nitro-N-formylamino)-5,6-

furazano g% piperazine (VI). _
o
o,u-cjl -,
o | ~ won, " 3H%0y

o
Ny o ‘
é Ho-d-uny o n-g’”& ol
|+ ad i apel (m)
4 HO—L ~ N¥3 Nwmg -,
’ [] >
N i ¥ Jeo,
) x) ﬂ °
RPN
\w=e v’ W) .
\z o
&0‘ HNO,
Pl
(:l-c A-n olc
\-t -N-do. 1)
v’
A wo
”l
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The condensation of (1) with 4,5-dihydroxyimidazolone-
2 (V11) in an acid medium gives 2,3-imidagolono(b] -5,6-furaza-
no(b) piperazine (VII1), and it is then nitrated to obtain 1l-

nitro-2,3-(1',3'-dinitroimidazolono-2) (bl -5,6-furazanolb] pi- .

perazine (IX)

wa,
0,”-£ ‘4- ‘”.‘”/ N =0 H* ,’”*L’“f”\ hwo, ’/'” d‘!’v/zt

1 c
\nsf" Wo-ei{ 7/ W wLu? S0y ur w/".'\ﬂ/: =
iy 8 " wo,
(I (o) (Vi) (X

Phe condensation of (I) with 1,4-diformyl-2,3-dihydroxy-
piperazine (X) in an acid medium gives 1,4,5,8-tetraaza-2,3~
furazano(b) octahydronaphthalene hydrochloride (XI), and it
is then nitrated to obtain 1,4,5,8~-tetranitro-1,4,5,8-tetra-
aza-2,3-furazano (b} octahydronaphthalene(XII).

WHx oo “H M w~o,
) pri ANy M -
= e Moy HY MC X NG He R’
ol T T I e T
. He_ He-on \ﬁ}‘z"’*n - Ny sy’
é“b NO, ~no,
(1) (X> ; x1) : (XI)

The condensation of (1) with 1,3-diformyl-4,5-dihydroxy-
imidazolidine (XI11) in an acid medium gives 2,3-imidazolidi-
no (b) -5,6-furazano (b} piperazine hydrochloride (XIV), and
it is then nitrated to obtain 1l,4-dinitro-2,3-(1',3'-dinitro-
imidazolidino) [(b) piperazine (XV).
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The given structures of the above-mentioned compounds
) are proved by elementary analysis, and by IR and NMH spetra
A examinations.
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RUSSIAN SYNTHESIS OF 4, 5-DIAMINOFURAZAN
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pecxy fonoss ¢ CHONNTOM: ROMMA, MOTPWA, JIRTRX RO WX PacTrop ¥ IS wma pacrpopRTean
(» caysse BpOPeACIHIEA PCOXIDNI B PICTEOPUTOAAX) BHOCHAR B TPCXIOPAYD KOXCY CVXOCTLD
25 sa, CHOGZCNRYD MORAAROR ¥ TepuOMCTPOM. POaKTHEG NPCXBOPKTOALHO HATPEBOAR RO
TeNDOPOTYPH ONMNTE B BEPEWBANY B TCPMOCTOTE IPN STOR TeimepaType e Mesce 30 M.

PaccuITeNios KOXNRECTDO I-nurpottponcna-1 BApUCKMRANE B PEaFIRONNY® XOACY EpR
TRATOALNCH TepemcmmBanwi. Bperst ROWAR3 PCARIDIt OTCYNTUBATA 0T POPHCKS I-surpoUpone-
-] 3 poexIBIONTYD XoAdy. PeaKIgONHYD 13CCY TEPMOCTATNDOBIAN RO TEPMOCTATS U -10¢
towmocnsp 40, I°,

RMTEPATYFA

I.Boponxons B A, Asroped.zemn.mwc. Kassms, I975. =~ -
2.Bypuscrpos B. A, Padonas A B NI I, ¢.I?83,

- N ) uECT B. L, B | B R ] B. A., ®ox TAE =~
2o p B o s P Lo nox, " B2, e, o.lee. PyTx .

. AKX 547.793.2
H.B.Bxranag, A.B,OcTponcras

IOAYEIS JRAMHHOSYPASAHA .
. (Kesamcrot Xwomo-rexnosorutecxaft EucTETY?)

B #3CTOMMee PPeMA HICANEOETCK DOMMCMMA NRTEDSC R DOXAMCDeM, Coxepsammw I,2,5-
oxcagxssonbitie ey (dypasams). BDCREENe 3 nens BOAMMEPOD compuxentof omcreru {ypa-
3080 OCECRE'IEOCT DOBWCHRE TEPCNCCKOR B TRAPOANTANCCROR yoTOfUOCTN, 8 TaXXC Jer-
ROCTH DEPOPOIGOTRR 3 manema [I).

B R8NCCTBC ACXORKOTO DCHCCTBA RAR DOXYYEHNA THRNX TOMILEPOB MCTOROM NONMXOH -
RORCITNE ERIMORADT Qypesenymrapdononyn xmcaoty [2,3). Rin mcUOABIOBSHRA B KavecTRe
MONONEDS XPYTOTO GZIVIIDIOHANANOTO COSXNHEINA STOTO Kiacca ~ xaavmolypa’sss -~ Tpe-

Fosm pa3poGOTER METOX OENTEID Nmenwraoxcmda { 4) n onpexesemu yorosug  ero
IRARSAINN B XEmOnOfyPaIeR BO CXOMS: .

e ) .w - s-s -m - . *
X o st + Jall + CHEOOH
L 5 j M o WY -E-C- My
\d" "\o,l .

CInTe? ARMIMOrINORCEMS WPOTCRICT B Bojofl cpege mpm Tesneparype $0-60°. Domu-
SONNe TOMIEPITYPE HPEBOKET X 3MMCTROLY ISUCRICILDY PEOKIIN,’ 8 e¢ NOECems Gojce 60°

" ycxopRet Rodomail mpomece o0palonaA aneneNtapioR cepu. Ompeilevoumce RimAigle Aa
PUXOR ANSIMEDIOTANNORCUMD ORAIMBICT COOTHORCNNCG PYOEaRODOROPOMION RHCAOTH 1 TUAPOKCRA-
oooee, Bpw CTEXNOMCTPETECKOM COOTHOZCNNN BUXOR RNOMIHOTAMONCH:D COCTapaser Awas 30K,
ATO CAMIING © ARTRIM POCRORDM CROSORHOTO TRAPOXCHAMMING RO ammorsn, [husrewrts co -
ROPSINA TREPORCAANCHD A0 OTUPEX R GOACS ORDMBAACHTOB MOIBONACT NOBNCHTE PLXOR 20
75-77%. :

Coofic?se ANMUNIOrIONCI?Y), DOXYHCIIOTO 3TIM METOROM, CHOBHARGNT ¢ yXAJOWIMNrat B .
awrepetrype [5,6). NpoBeRCHNO IDUUIORCTIAPATAIGEE MLIAMIHOTANORCYN D GEAOTNOU PICTBODPS
sTaenrarxons wpn 155-160° n03pomto ypeawniTh DKOX Knosuradypesano ¢ 20 g0 60F mo
CPOMNOIIED © EIDECTIADM MOTOROM 1t OTKI2DTESA OT MPOBCXCHRA DL MOR xanvewucm ! 7).
B Xone Pearamn NOGARERCTCK OOPRIOBONES KAPGONOTd ROTpMA. Quioxo, GCAN orpamrmTs
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BpCMR PEBRINX B0 MOMemrra munaXemus ocamxa (40-60 »xm), 0 mmxox meovanoypassns ge
. - gpemmscr 20%. 063 mpouccca, DMKKAAILIDIA N XCCTPYIURN, HO~-BWMMOMNT, RAYT RIPaAAEABHO,
5 woxcmazsuull BUXOX HedanmoeTcs 3a 3,5-4 wace, Mpogyxr mmaalama go JK-cnexrpy =
TEMICPATYDPS NAZBACHNA RRERTNUCH anasinofypasady, CEHTEINDOBIMHOKY EIBECTHEM CUOCO -
dou, :
\/gnammmxcm. B rpexropayn xoasy emxocThp I A, CHICECHHYD MCE3AKOL, XOAO -
. JRISHEKOM, OTHORHOR TPyOxoR, omyzeHol B PECTROP XNOPHOTO X€J1G33, ¥ TEproreTpPIU 38~
X rpyasvr SO0 wa Bomd, 278 T COAAHORUCAOTO THAPORCANINEHZ M J2B P YKCFCHORUCAOTO K3-
spat. B pecTeop mocTenexno podepaant {20 r pydesHOBOAOPOLHOS XiCAOTU T2K, wrodu
Texneparypa Ouia B nmpexneansx 30-35°, 3areM peaxmOKMYD i:accy marpemavr mo S0-60°
ASDT BHREPEXY DpE aToft TeMhEPaTYPS B TeNCHH2 2-3 Y0coP (KOMeN peammd® OUPCRSAADT NO
ofeCIBeTMBONED pesaproiiofl ¥accu). COACLYTzM0e KOAGH GHCTPO WarpeBapT RO 90-95° |
¢masTpyOT Ha poponxe Buxners or punamsmeffi cepy. TansTpat OXASKIADT JemmioX BOROR %
PuneRTH OCAZOK RMOMAROLARORCI® OTHAILTPOBMBADT ¥ CYZaT Ha BodAyxe. Buxox 83,5 r
(25%), T mr, 196-197° (ma soxw), mo mrepatyprum mawma [5) T ax. I96°,
¢ : Dnoromodiypasan. B tpexropayp xoaly eyxocrsd S00 mt, cadxemym wvemaixof, Tep -
MOMOTPOM K XOAOMNALHAKOM, NONMEEODT 78 I miscpiornmoxckea, 26,4 r Aa0H = 3C0 wa
orazeKTIRKoaR. Cxecs HarpepnanT UpE 155-160° B rtevesme 3,5 WacOB X 3aTéM  OTTORADT
POCTBOPNTEAD P BAaKyYYMe BOROCTPYAuoro racocs. Ocrarox cuemusanr co I00 mx pox u or-
damrposubanr. Buxox Amawmnodypesasa 40,5 r (61X), ‘T ma. I79-180° (s mom), no -
reparypins xomam (7] T ns. 180°, Haftzemo, £: C 23,53, -H 4,44, N 55,28, Putrcre-
o CHU MO S C24,00; B 4,00; N 56,00 Wi-cexrp: I600 cx”l (Can/ »
fopes.immie), 3200-3400 cu~l (- MH,). : o _
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YEK S47.341
A R Pasywon, B.T.Zsopcep, 3.M.XmemaroBs, M.ILCoronos, T.B.3uxoms
PRAKLOHAAR cmcx;.o;:ﬁ 1 C%W
X 2-RyrernasaxoxcuocdARIyRCYCRES SXRROrRDE .
(Kasoucanit XDARO-TEXHOROTHNECRER RHCTATYT)
Opogoxsas padory 3 odanc?R $ocfOPRANPODINHUT KOPOORARMIMX coemmtenxit (17, namn
OBUTEINPODORK 2-0YTORBASNRORCRIOCMRAYRCYCHHE SJILACTHEN R KX 8LoTaAR. Tocdopivapo-

BOINNE SNOTEAN UPNBORSMNOIO PAZS OOTYICHM BioimozefcTmack sdwpos xpotmsdocioracrod
gnosory [2) o auoTRACHES ausTeReM CPOMYRCYCHOIC ANMREIERAS

CHYOH = CHCH)PIOR), + BYCHCH(OCHg), ———em
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TRANSLATION OF EXPERIMENTAL PART OF PAPER

Diaminoglyoxime: In a 1-liter three—necked flash fitted with a stirrer,

R S R A N A G O N R A SR A R AN
DI R TN <

a cooler, a drain tube rinsed in an irom chleride solution, and a ther-
mometer, place 500 ml water, 278 g hydroxylamine hydrochloride, and

328 g sodium acetate. Gradwally add 120 g of rubeanic acid so that the
temperature stays between 30 and 35°. Then heat the reaction mass to
50-60® and Hold it there for 2~3 hours (the emd of the reaction is
signaled by bleaching of the mass). The contents are them rapidly
heated. to. 90~95° and run through a Blichner filter to remove the sulfur
precipitate. The precipitate is cooled in ice water and the precipitated
disminoglyoxime is filtered out and dried in air. Yield = 88.5 g (75%),
196~197° melting pu:lut (out of water). Literature value [5] for melting

point = 196°.

Diaminofurazan: In a 500-ml three-necked flask fitted with a stirrer, a
thermometer, and a cooler, place 78 g of diaminoglyoxime, 26.4 g NaOH,
and 300 ml éethylene glycol. Heat the mixture to 155-160° for 3.5 hours
and then distill the selution in a water jet vacuum. Mix the residue
with 100 ml water and filter. Yield of diaminofurazan = 40.5 g (61%)
melting temperature 179-180° (out of water); msccordiang to [7] the melting
point 18 180°. C 23.53%, H 4.44%, N 56.28Z. Values calculated from

CoHy N,0 are: € 24%, H 4%, N 58%. IR spectra: 1600 cm ! (C=N in the
furazan ring), 3200-3&00 cu (-m2). :
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Appendix C

INFRARED SPECTRA OF COMPOUNDS

23




R T I R N R S s T R N e N R ———— e
R PR D S S

y

NWC TP 6397 i
i
» i
4000 3000 2000 1500 ™' 1000 900 800 700 w
N Aabare. o and o L R | i 1 i L La ] e N
100 : - 100
80 . : - e " : —1so
. = AN ' s
z N [ - een - H — { H [ -
! E - B ,4\1
. b } / \ ) 1
- %40 : - 40
g i Y S 75 TN~
- < v i i i
i I AR s v SRR
5 20 z . U S S AN ISR (o
u 03 p) 5 6 8 9 0 N 2 13 418
g WAVELENGTH [MICRONS)
X
¥ SPECTRUM NO ORIGIN LEGEND REMARKS gﬁ
¢ SAMPLE___ ! ﬁg
N g et z
. s S .
o 8
1 b
PHASE__KBr  [DATE Juea 2
THICKNESS _________ |OPERATOR tdiller ‘

PART NO.132.1200 W @ THE PERKIN-ELMER CORPORATION, NORWALK, CONN.

FIGURE C-1. IR Spectrum of Diaminoglyoxime.

4000
100f
80
®
w
Y60
z9T
E
%40
z —+- - —3 -. - i
20 20
.- i - AR -
i DS
ol— . ‘ M i ‘ o
3 4 5 6 7 8 9 10 n 12 13 14 15
WAVELENGTH (MICRONS)
SPECTRUM NO. ORIGIN LEGEND — [remarks ‘g‘;’g‘
s}
SamPE__ b h mE
3
P PURITY 2 ; — |z
3 e}
_:.;.I:)_ PHASE__ KB [DATE Jeusciy®@ | l i
THICKMESS _____ [OPERATOR Wkiller [ | !

PART NO 1371200 » © THE PERKIN-ELMER CORPORATION, NORWALK, CONN.

FIGURE C-2. IR Spectrum of 3,4-Diaminofurazan.

B G B4 4a g Fe b o)

TR

) 24
3
L
,
.
'

IS A T SRR LS a « o+ =

Zoa S o 8 . & " = ™o




— - - SR T
e T T W e g A o Ve T eV e T a TN, . -

1
4000 3000 2000 1500 ™! 1000 900 800 700
A | i . e 1 i i L I 1 by i "
100 , ? 100
. = A _
w ,.m/f - “-_Jso
R La A 1 b Va)
0 . AN /L1 O WY
E J4 - T [ ) v vy
Z40 1 i 40
it [N B
g W F T+ IH T
20 ' » ] —20
0 . e ‘,_. K 4% PUE 3 i N . o
3 4 5 6 7 8 9 10 n 12 13 14 15
WAVELENGTH [MICRONS)
SPECTRUM NO. ORIGIN LEGEND REMARKS §§
N
SAMPLE 1 ﬁg
PURITY. 2 2
) Y |PHASE__ e DATE_ Fse W P2 o
T |
THICKNESS OPERATOR \diligwr
AR A T A @ THE PERKIN-ELMER CORPORATION, NORWALK, CONN.

FIGURE C-3. IR Spectrum of 1,4,5,8-Tetraazadifurazano-
[3,4-c]{3,4-h}decalin.

R

100

4 _ 80}

N €

- & sof-

3 E -

3 Z 40

L E -

2 g | "

- 20[- 120

" B i £ ST SO IO NS R B T !

v 0 3 4 5 6 7 8 ) 10 n 12 13 4 |5° !

3 -WAVELENGTH {MICRONS) |

3 SPECTRUM NO. ORIGIN LEGEND__ __ _____|REMARKS_ ____ __ §%'

X SAMPLE . - 1 sg
3

o R fue il /54 |PURITY —l2 z

e CL-is PHASE_Kiffbv DATE ity L0801 i

r. THICKNESS______|oPERATOR 4/l ,

g PARY NO 137.1200  ® THE PERKIN-ELMER CORPORATION, NORWALK, CONN,

n - o o

¢ FIGURE C-4. IR Spectrum of CL-15.

b

b

25 /e 6

T o)




W T RPN DR TE TE WYL R % o T RN L T e o T a Wy Wy W o Fas e o b v o« =

NWC TP 6397

Appendix D

14 NMR SPECTRA OF COMPOUNDS
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